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Manufacturing Process for Capacitive RF Terminal 
and Ohmic RF Terminal in PCM RF Switch 

100 
Provide a PCM and a heating element 

underlying an active segment of the PCM 
Remove the dielectric liner from 
the second trench metal liner 

102 
Form an RF terminal dielectric 

over the PCM Deposit a metal on the dielectric liner of 
the first trench and on the 
second trench metal liner 

104 
Eteh first and second trenches 
in the RF terminal dielectric 

116 Form first and second trench metal plugs 
on the dielectric liner of the first trench 
and on the second treneh metal liner 

106 Form a metal liner in the first and second 
trenches and on first and second 
passive segments of the PCM 

Form an interlayer dielectrie over the 
first and second trench metal plugs 

120 
Form first and second trench metal 

liners on the first and second 
passive segments of the PCM Etch first and second interconnect holes 

in the interlayer dielectric 

Form a dielectric liner on the first 
aud second trench netal liners 

122 Form interconnect metals in the first and 
second interconnect holes and on the first 

and second trench metal plugs 

FIG . 1 
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Manufacturing Process for Capacitive RF Terminal 
and Ohmic RF Terminal in PCM RF Switch 

Provide a PCM and a heating element 
underlying an active segment of the PCM ; 

Etch the top metal to form a 
patterned top plate 

Form an RF terminal dielectric 
over the PCM ; 

Etch first and second trenches 
in the RF terminal dielectric 

178 
Etch the metal layer to form first and 
second upper metal portions , thereby 
forming a MIM capacitor by the first 
upper metal portions , the insulator , 

and the patterned top plate 
168 Form first and second lower 

metal portions in the first and second 
trenches on first and second 
passive segments of the PCM Form an interlayer dielectric over the 

patterned top plate and the 
second upper metal portion ; 

Form a metal layer on the first and 
second lower metal portions Etch first and second interconnect holes 

in the interlayer dielectric ; 

172 
Form an insulator on the metal layer 

Form interconnect metals in the first and 
second interconnect holes , and on 
the patterned top plate and the 
second upper metal portion 

174 

Form a top metal on the insulator 

FIG . 14 
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CAPACITIVE AND OHMIC TERMINALS IN Thus , there is a need in the art to reliably and concurrently 
A PHASE - CHANGE MATERIAL ( PCM ) manufacture both capacitive and ohmic RF terminals for 
RADIO FREQUENCY ( RF ) SWITCH PCM RF switches . 

CLAIMS OF PRIORITY 5 SUMMARY 

10 

15 

30 

This is a divisional of application Ser . No. 16 / 271,505 The present disclosure is directed to concurrent fabrica 
filed on Feb. 8 , 2019. application Ser . No. 16 / 271,505 filed tion of and structure for capacitive terminals and ohmic 
on Feb. 8 , 2019 ( “ the parent application ” ) is a continuation- terminals in a phase - change material ( PCM ) radio frequency 
in - part of and claims the benefit of and priority to application ( RF ) switch , substantially as shown in and / or described in 
Ser . No. 16 / 103,490 filed on Aug. 14 , 2018 , titled “ Manu- connection with at least one of the figures , and as set forth 
facturing RF Switch Based on Phase - Change Material , ” . in the claims . 
The parent application is also a continuation - in - part of and 
claims the benefit of and priority to application Ser . No. BRIEF DESCRIPTION OF THE DRAWINGS 
16 / 103,587 filed on Aug. 14 , 2018. titled “ Design for High 
Reliability RF Switch Based on Phase - Change Material , ” . FIG . 1 illustrates a portion of a flowchart of an exemplary 
The parent application is also a continuation - in - part of and method for concurrently manufacturing both a capacitive 
claims the benefit of and priority to application Ser . No. radio frequency ( RF ) terminal and an ohmic RF terminal in 
16 / 103,646 filed on Aug. 14 , 2018 , titled “ PCM RF Switch 20 a phase - change material ( PCM ) RF switch according to one 
Fabrication with Subtractively formed Heater , " . The parent implementation of the present application . 
application is further a continuation - in - part of and claims the FIG . 2 illustrates a cross - sectional view of a portion of a 
benefit of and iority to application Ser . No. 16 / 114,106 PCM RF switch structure processed in accordance with an 
filed on Aug. 27 , 2018 , titled “ Fabrication of Contacts in an action in the flowchart of FIG . 1 according to one imple 
RF Switch Having a Phase - Change Material ( PCM ) and a 25 mentation of the present application . 
Heating Element , ” . The parent application is also a continu FIG . 3 illustrates a cross - sectional view of a portion of a 
ation - in - part of and claims the benefit of and priority to PCM RF switch structure processed in accordance with an 
application Ser . No. 16 / 231,121 filed on Dec. 21 , 2018 , titled action in the flowchart of FIG . 1 according to one imple 
“ Phase - Change Material ( PCM ) Radio Frequency ( RF ) mentation of the present application . 
Switches with . Capacitively Coupled RF Terminals , " . The FIG . 4 illustrates a cross - sectional view of a portion of a 

PCM RF switch structure processed in accordance with an disclosures and contents of all of the above - identified appli action in the flowchart of FIG . 1 according to one imple cations are hereby incorporated fully by reference into the mentation of the present application . parent application and the present divisional application . FIG . 5 illustrates a cross - sectional view of a portion of a 
35 PCM RF switch structure processed in accordance with an BACKGROUND action in the flowchart of FIG . 1 according to one imple 

mentation of the present application . Phase - change materials ( PCM ) are capable of transform FIG . 6 illustrates a cross - sectional view of a portion of a ing from a crystalline phase to an amorphous phase . These PCM RF switch structure processed in accordance with an two solid phases exhibit differences in electrical properties , 40 action in the flowchart of FIG . 1 according to one imple 
and semiconductor devices can advantageously exploit these mentation of the present application . 
differences . Given the ever - increasing reliance on radio FIG . 7 illustrates a cross - sectional view of a portion of a 
frequency ( RF ) communication , there is particular need for PCM RF switch structure processed in accordance with an 
RF switching devices to exploit phase - change materials . action in the flowchart of FIG . 1 according to one imple 
However , the capability of phase - change materials for phase 45 mentation of the present application . 
transformation depends heavily on how they are exposed to FIG . 8 illustrates a cross - sectional view of a portion of a 
thermal energy and how they are allowed to release thermal PCM RF switch structure processed in accordance with an 
energy . For example , in order to transform into an amor- action in the flowchart of FIG . 1 according to one imple 
phous state , phase - change materials may need to achieve mentation of the present application . 
temperatures of approximately seven hundred degrees Cel- 50 FIG . 9 illustrates a cross - sectional view of a portion of a 
sius ( 700 ° C. ) or more , and may need to cool down within PCM RF switch structure processed in accordance with an 
hundreds of nanoseconds . action in the flowchart of FIG . 1 according to one imple 

mentation of the present application . It is sometimes desirable to avoid fabricating only ohmic 
contacts for connecting to RF terminals of a PCM RF FIG . 10 illustrates a cross - sectional view of a portion of 
switch . In those instances , a robust capacitive ( and non 55 a PCM RF switch structure processed in accordance with an 

action in the flowchart of FIG . 1 according to one imple ohmic ) contact can be a good choice . However , capacitance mentation of the present application . fabrication techniques applicable to conventional semicon FIG . 11 illustrates a cross - sectional view of a portion of ductor devices may not be optimum for , or easily compatible a PCM RF switch structure processed in accordance with an with , PCM RF switches , and may not properly utilize or take 60 action in the flowchart of FIG . 1 according to one imple advantage of the unique structure , layout , and geometry of mentation of the present application . 
PCM RF switches . Moreover , it is often desirable to have FIG . 12 illustrates a cross - sectional view of a portion of 
both ohmic and capacitive contacts for connecting to RF a PCM RF switch structure processed in accordance with an 
terminals of PCM RF switches . As such , concurrently fab- action in the flowchart of FIG . 1 according to one imple 
ricating both capacitive and ohmic RF terminals in PCM RF 65 mentation of the present application . 
switches can present additional and significant manufactur- FIG . 13 illustrates a cross - sectional view of a portion of 
ing challenges . a PCM RF switch structure processed in accordance with an 



US 11,088,322 B2 
3 4 

action in the flowchart of FIG . 1 according to one imple- those shown in the flowchart of FIG . 1. Moreover , structures 
mentation of the present application . shown in FIGS . 2 through 13 illustrate the results of per 
FIG . 14 illustrates a portion of a flowchart of an exem- forming respective actions 100 through 122 in the flowchart 

plary method for concurrently manufacturing both a capaci- of FIG . 1 , respectively . For example , structure 200 shows a 
tive RF terminal and an ohmic RF terminal in a PCM RF 5 PCM RF switch structure after performing action 100 , 
switch according to one implementation of the present structure 222 shows a PCM RF switch structure after 
application . performing action 122 , and so forth . 
FIG . 15 illustrates a cross - sectional view of a portion of Referring to FIG . 2 , PCM RF switch structure 200 illus 

a PCM RF switch structure processed in accordance with an trates a cross - sectional view of a portion of a PCM RF 
action in the flowchart of FIG . 14 according to one imple- 10 switch structure processed in accordance with action 100 in 
mentation of the present application . the flowchart of FIG . 1 according to one implementation of 
FIG . 16 illustrates a cross - sectional view of a portion of the present application . As shown in FIG . 2 , PCM RF switch 

a PCM RF switch structure processed in accordance with an structure 200 includes substrate 224 , lower dielectric 226 , 
action in the flowchart of FIG . 14 according to one imple- heating element 228 , thermally conductive and electrically 
mentation of the present application . 15 insulating layer 230 , PCM 232 having active segment 234 
FIG . 17 illustrates a cross - sectional view of a portion of and passive segments 236a and 236b , and optional contact 

a PCM RF switch structure processed in accordance with an uniformity support layer 238. PCM RF switch structure 200 
action in the flowchart of FIG . 14 according to one imple- may include other structures not shown in FIG . 2 . 
mentation of the present application . Substrate 224 is situated under lower dielectric 226. In 
FIG . 18 illustrates a cross - sectional view of a portion of 20 one implementation , substrate 224 is an insulator , such as 

a PCM RF switch structure processed in accordance with an silicon oxide ( SiO2 ) . In various implementations , substrate 
action in the flowchart of FIG . 14 according to one imple- 224 is a silicon ( Si ) , silicon - on - insulator ( SOI ) , sapphire , 
mentation of the present application . complementary metal - oxide - semiconductor ( CMOS ) , bipo 
FIG . 19 illustrates a cross - sectional view of a portion of lar CMOS ( BiCMOS ) , or group III - V substrate . In various 

a PCM RF switch structure processed in accordance with an 25 implementations , a heat spreader is integrated with substrate 
action in the flowchart of FIG . 14 according to one imple- 224 , or substrate 224 itself performs as a heat spreader . 
mentation of the present application . Substrate 224 can have additional layers ( not shown in FIG . 
FIG . 20 illustrates a cross - sectional view of a portion of 2 ) . In one implementation , substrate 224 can comprise a 

a PCM RF switch structure processed in accordance with an plurality of interconnect metal levels and interlayer dielec 
action in the flowchart of FIG . 14 according to one imple- 30 tric layers . Substrate 224 can also comprise a plurality of 
mentation of the present application . devices , such as integrated passive devices ( IPDs ) ( not 
FIG . 21 illustrates a cross - sectional view of a portion of shown in FIG . 2 ) . 

a PCM RF switch structure processed in accordance with an Lower dielectric 226 is situated on top of substrate 224 , 
action in the flowchart of FIG . 14 according to one imple- and is adjacent to the sides of heating element 228. In the 
mentation of the present application . 35 present implementation , lower dielectric 226 extends along 
FIG . 22 illustrates a cross - sectional view of a portion of the width of RF switch structure 200 , and is also coplanar 

a PCM RF switch structure processed in accordance with an with heating element 228. In various implementations , lower 
action in the flowchart of FIG . 14 according to one imple dielectric 226 can have a relative width and / or a relative 
mentation of the present application . thickness greater or less than shown in FIG . 2. Lower 

40 dielectric 226 may comprise a material with thermal con 
DETAILED DESCRIPTION ductivity lower than that of thermally conductive and elec 

trically insulating layer 230. In various implementations , 
The following description contains specific information lower dielectric 226 can comprise silicon oxide ( SiO2 ) , 

pertaining to implementations in the present disclosure . The silicon nitride ( SixNy ) , or another dielectric . 
drawings in the present application and their accompanying 45 Heating element 228 is situated in lower dielectric 226 . 
detailed description are directed to merely exemplary imple- Heating element 228 also underlies active segment 234 of 
mentations . Unless noted otherwise , like or corresponding PCM 232. Heating element 228 generates a crystallizing 
elements among the figures may be indicated by like or heat pulse or an amorphizing heat pulse for transforming 
corresponding reference numerals . Moreover , the drawings active segment 234 of PCM 232. Heating element 228 can 
and illustrations in the present application are generally not 50 comprise any material capable of Joule heating . Preferably , 
to scale , and are not intended to correspond to actual relative heating element 228 comprises a material that exhibits 
dimensions . minimal or substantially no electromigration , thermal stress 
FIG . 1 illustrates a portion of a flowchart of an exemplary migration , and / or agglomeration . In various implementa 

method for concurrently manufacturing both a capacitive tions , heating element 228 can comprise tungsten ( W ) , 
radio frequency ( RF ) terminal and an ohmic RF terminal in 55 molybdenum ( Mo ) , titanium ( Ti ) , titanium nitride ( TIN ) , 
a phase - change material ( PCM ) RF switch according to one titanium tungsten ( TiW ) , tantalum ( Ta ) , nickel chromium 
implementation of the present application . Certain details ( NiCr ) , or nickel chromium silicon ( NiCrSi ) . For example , 
and features have been left out of the flowchart that are in one implementation , heating element 228 comprises 
apparent to a person of ordinary skill in the art . For example , tungsten lined with titanium and titanium nitride . Heating 
an action may consist of one or more sub - actions or may 60 element 228 may be formed by a damascene process , a 
involve specialized equipment or materials , as known in the subtractive etch process , or any other suitable process . 
art . Moreover , some actions , such as masking and cleaning Heating element 228 can be connected to electrodes of a 
actions , are omitted so as not to distract from the illustrated pulse generator ( not shown in FIG . 2 ) that generates a 
actions . Actions 100 through 122 shown in the flowchart of crystallizing current pulse or an amorphizing voltage or 
FIG . 1 are sufficient to describe one implementation of the 65 current pulses . 
present inventive concepts , other implementations of the Thermally conductive and electrically insulating layer 
present inventive concepts may utilize actions different from 230 is situated on top of heating element 228 and lower 
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dielectric 226 , and under PCM 232 and , in particular , under to passive segments 236a and 236b of PCM 232 , 
active segment 234 of PCM 232. Thermally conductive and described below . Optional contact uniformity support layer 
electrically insulating layer 230 ensures efficient heat trans- 238 is optional in that the inventive concepts of the present 
fer from heating element 228 toward active segment 234 of application may be implemented without forming optional 
PCM 232 , while electrically insulating heating element 228 5 contact uniformity support layer 238 , as described below . 
from PCM 232 , and other neighboring structures . Thermally Referring to FIG . 3 , PCM RF switch structure 202 illus 
conductive and electrically insulating layer 230 can com- trates a cross - sectional view of a portion of a PCM RF 
prise any material with high thermal conductivity and high switch structure processed in accordance with action 102 in 
electrical resistivity . In various implementations , thermally the flowchart of FIG . 1 according to one implementation of 
conductive and electrically insulating layer 230 can com- 10 the present application . As shown in FIG . 3 , RF terminal 
prise aluminum nitride ( AIN ) , aluminum oxide ( Al2Oy ) , dielectric 240 is formed over PCM 232 and over optional 
beryllium oxide ( BezOy ) , silicon carbide ( SiC ) , diamond , or contact uniformity support layer 238 ( in case optional con 
diamond - like carbon . tact uniformity support layer 238 is used ) . RF terminal 
PCM 232 is situated on top of thermally conductive and dielectric 240 is also formed over thermally conductive and 

electrically insulating layer 230. PCM 232 also overlies 15 electrically insulating layer 230. In the present implemen 
heating element 228. PCM 232 includes active segment 234 tation , chemical machine polishing ( CMP ) is used to pla 
and passive segments 236a and 236b . Active segment 234 of narize RF terminal dielectric 240. In various implementa 
PCM 232 approximately overlies heating element 228 and is tions , RF terminal dielectric 240 is SiO2 , Si Ny , or another 
approximately defined by heating element 228. Passive dielectric . RF terminal dielectric 240 can be formed , for 
segments 236a and 236b of PCM 232 extend outward and 20 example , by PECVD or HDP - CVD . In one implementation , 
are transverse to heating element 228. As used herein , the deposition thickness of RF terminal dielectric 240 can 
" active segment ” refers to a segment of PCM that transforms range from approximately one half a micron to approxi 
between crystalline and amorphous states , for example , in mately two microns ( 0.5 um - 2 um ) . In one implementation , 
response to a crystallizing or an amorphizing heat pulse a thickness of RF terminal dielectric 240 is significantly 
generated by heating element 228 , whereas “ passive seg- 25 greater than a thickness of optional contact uniformity 
ment ” refers to a segment of PCM that does not make such support layer 238 . 
transformation and maintains a crystalline state ( i.e. , main- Referring to FIG . 4 , PCM RF switch structure 204 illus 
tains a conductive state ) . With proper heat pulses and heat trates a cross - sectional view of a portion of a PCM RF 
dissipation , active segment 234 of PCM 232 can transform switch structure processed in accordance with action 104 in 
between crystalline and amorphous states , allowing RF 30 the flowchart of FIG . 1 according to one implementation of 
switch structure 200 to switch between ON and OFF states the present application . As shown in FIG . 4 , trenches or 
respectively . holes 242a and 242b are etched in RF terminal dielectric 240 
PCM 232 can be germanium telluride ( GeyTey ) , germa- and in optional contact uniformity support layer 238 ( in case 

nium antimony telluride ( GezSbyTez ) , germanium selenide optional contact uniformity support layer 238 is used ) . 
( Ge Sey ) , or any other chalcogenide . In various implemen- 35 Trenches or holes 242a and 242b extend to passive segment 
tations , PCM 232 can be germanium telluride having from 236a and 236b respectively of PCM 232 . 
forty percent to sixty percent germanium by composition In the present implementation , forming trenches 242a and 
( i.e. , GeyTey , where 0.45X50.6 and Y = 1 - X ) . The material 242b may comprise two different etching actions . In the first 
for PCM 232 can be chosen based upon ON state resistivity , etching action , RF terminal dielectric 240 can be aggres 
OFF state electric field breakdown threshold , crystallization 40 sively etched without having to accurately time the etching 
temperature , melting temperature , or other considerations . action . This etching action can use a selective etch , for 
PCM 232 can be provided , for example , by physical vapor example , a fluorine - based plasma dry etch , and optional 
deposition ( PVD ) , sputtering , chemical vapor deposition contact uniformity support layer 238 can perform as an etch 
( CVD ) , evaporation , or atomic layer deposition ( ALD ) . In stop while RF terminal dielectric 240 is selectively etched . 
one implementation , PCM 232 can have a thickness of 45 In the second etching action , optional contact uniformity 
approximately five hundred angstroms to approximately two support layer 238 is punch - through etched . As used herein , 
thousand angstroms ( 500 Å - 2000 Å ) . In other implementa- " punch - through ” refers to a short etching action that can be 
tions , PCM 232 can have any other thicknesses . The thick- accurately timed to stop at the top surface of PCM 232. In 
ness of PCM 232 can be chosen based upon sheet resistance , RF switch structure 204 , trenches 242a and 242b are narrow 
crystallization power , amorphization power , or other con- 50 and optional contact uniformity support layer 238 is thin . 
siderations . It is noted that in FIG . 2 , current flowing in Thus , only a small volume of optional contact uniformity 
heating element 228 flows substantially under active seg- support layer 238 is etched , and the punch - through etching 
ment 234 of PCM 232 . action is short and can be accurately timed . In one imple 

Optional contact uniformity support layer 238 is situated mentation , a chlorine - based plasma dry etch is used for this 
over PCM 232. In one implementation , optional contact 55 etching action . 
uniformity support layer 238 comprises Si Ny . In another Optional contact uniformity support layer 238 is optional 
implementation , optional contact uniformity support layer in that the inventive concepts of the present application may 
238 is a bi - layer that comprises oxide and nitride , such as be implemented without optional contact uniformity support 
SiO2 under SizNy . Optional contact uniformity support layer layer 238 , and trenches 242a and 242b can extend through 
238 can be provided , for example , by plasma enhanced CVD 60 RF terminal dielectric 240 into PCM 232. Because the ON 
( PECVD ) or high density plasma CVD ( HDP - CVD ) . In one state resistance ( Ron ) of an RF switch depends heavily on 
implementation , optional contact uniformity support layer the uniformity of contact made with PCM 232 , the Ron will 
238 can have a thickness of approximately fifty angstroms to be significantly lower when optional contact uniformity 
approximately one thousand two hundred and fifty ang- support layer 238 is used . 
stroms ( 50 Å - 1250 Å ) . By forming optional contact unifor- 65 Referring to FIG . 5 , PCM RF switch structure 206 illus 
mity support layer 238 as shown in FIG . 2 , PCM 232 will trates a cross - sectional view of a portion of a PCM RF 
remain substantially intact , and uniform contact can be made switch structure processed in accordance with action 106 in 
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the flowchart of FIG . 1 according to one implementation of liner extension 248x is situated over trench metal liner 
the present application . As shown in FIG . 5 , metal liner 244 extension 246x and integrally connected to dielectric liner 
is formed in trenches 242a and 242b , and on passive 248 . 
segments 236a and 236b of PCM 232. Metal liner 244 lines Referring to FIG . 9 , PCM RF switch structure 214 illus 
trenches 242a and 242b without completely filling trenches 5 trates a cross - sectional view of a portion of a PCM RF 
242a and 242b . Metal liner 244 is also formed over RF switch structure processed in accordance with action 114 in 
terminal dielectric 240. In various implementations , metal the flowchart of FIG . 1 according to one implementation of 
liner 244 can comprise tungsten ( W ) , molybdenum ( Mo ) , the present application . As shown in FIG . 9 , metal 252 is 
titanium ( Ti ) , titanium nitride ( TiN ) , titanium tungsten deposited on dielectric liner 248 in trench 242a , and on 
( TiW ) , tantalum ( Ta ) , cobalt ( Co ) , nickel ( Ni ) , nickel chro- trench metal liner 246b in trench 242b . Metal 252 fills 
mium ( NiCr ) , or nickel chromium silicon ( NiCrSi ) . For trenches 242a and 242b . In various implementations , metal 
example , in one implementation , metal liner 244 comprises 252 can comprise aluminum ( AI ) , copper ( Cu ) , titanium 
cobalt lined with titanium nitride and tungsten . Metal liner ( Ti ) , or titanium nitride ( TiN ) . For example , in one imple 
244 may be formed by PVD , CVD , or any other suitable mentation , metal 252 comprises a sequential stack of tita 
process . nium , titanium nitride , aluminum , titanium , and titanium 

Referring to FIG . 6 , PCM RF switch structure 208 illus- nitride . Metal 252 can be formed by PVD , or any other 
trates a cross - sectional view of a portion of a PCM RF suitable process . In one implementation , the deposition 
switch structure processed in accordance with action 108 in thickness of metal 252 can be approximately one half a 
the flowchart of FIG . 1 according to one implementation of 20 micron ( 0.5 um ) . 
the present application . As shown FIG . 6 , trench metal Referring to FIG . 10. PCM RF switch structure 216 
liners 246a and 246b are formed in trenches 242a and 242b illustrates a cross - sectional view of a portion of a PCM RF 
respectively and on passive segments 236a and 236b respec- switch structure processed in accordance with action 116 in 
tively of PCM 232. Thus , trench metal liners 246a and 246b the flowchart of FIG . 1 according to one implementation of 
are ohmically connected to passive segments 236a and 236b 25 the present application . As shown in FIG . 10 , trench metal 
respectively of PCM 232. In the present implementation , plug 254a is formed in trench 242a on dielectric liner 248 , 
trench metal liners 246a and 246b are formed by removing and trench metal plug 254b and is formed in trench 242b on 
a middle segment of metal liner 244 ( shown in FIG . 5 ) on trench metal liner 246b , thereby substantially completing 
RF terminal dielectric 240 between trenches 242a and 242b , capacitive RF terminal 256a and ohmic RF terminal 256b of 
for example , using a chlorine based reactive ion etch ( RIE ) 30 PCM RF switch structure 216. Capacitive RF terminal 256a 
Outside trench 242a , trench metal liner extension 246x is and ohmic RF terminal 256b provide RF signals to / from 
situated over RF terminal dielectric 240 and integrally passive segments 236a and 236b respectively of PCM 232 . 

Capacitive RF terminal 256a includes trench metal liner connected to trench metal liner 246a . 246a , dielectric liner 248 , and trench metal plug 254a that Referring to FIG . 7 , PCM RF switch structure 210 illus 35 together form a trench capacitor . Dielectric liner 248 sepa trates a cross - sectional view of a portion of a PCM RF rates trench metal liner 246a from trench metal plug 254a . switch structure processed in accordance with action 110 in As such , trench metal liner 246a is ohmically separated the flowchart of FIG . 1 according to one implementation of from , but capacitively coupled to trench metal plug 254a . 
the present application . As shown in FIG . 7 , dielectric liner Ohmic RF terminal 256b includes trench metal liner 246b 
248 is formed on trench metal liners 246a and 246b in 40 and trench metal plug 254b . Unlike trench metal liner 246a 
trenches 242a and 242b . Dielectric liner 248 is also formed and trench metal plug 254a of capacitive RF terminal 256a , 
on trench metal liner extension 246x and on RF terminal trench metal liner 246b and trench metal plug 254b of ohmic 
dielectric 240. Dielectric liner 248 lines trench metal liners RF terminal 256b are ohmically coupled . 
246a and 246b . In one implementation , dielectric liner 248 Capacitive RF terminal 256a also includes trench metal 
is silicon nitride . In various implementations , dielectric liner 45 liner extension 246x , dielectric liner extension 248x , and 
248 is a high - k dielectric , such as tantalum pentoxide , trench metal plug extension 254x that further capacitively 
aluminum oxide , hafnium oxide , zirconium oxide , zirco- couple trench metal liner 246a to trench metal plug 254a . 
nium aluminum silicate , hafnium silicate , hafnium alumi- Trench metal liner extension 246x , dielectric liner extension 
num silicate or another dielectric with a relatively high 248x , and trench metal plug extension 254x are optional in 
dielectric constant . In one implementation , the thickness of 50 that the inventive concepts of the present application may be 
dielectric liner 248 can range from approximately two implemented without them , and trench metal liner 246a 
hundred angstroms to approximately six hundred angstroms would still capacitively couple to trench metal plug 254a . 
( 200 Å - 600 Å ) . As further shown in FIG . 7 , dielectric liner However , capacitive coupling between trench metal liner 
extension 248x is situated over trench metal liner extension 246a and trench metal plug 254a is strengthened when 
246x and integrally connected to dielectric liner 248 . 55 trench metal liner extension 246x , dielectric liner extension 

Referring to FIG . 8 , PCM RF switch structure 212 illus- 248x , and trench metal plug extension 254x are used . 
trates a cross - sectional view of a portion of a PCM RF Although trench metal liner 246a , dielectric liner 248 , and 
switch structure processed in accordance with action 112 in trench metal plug 254a are illustrated as integrally formed 
the flowchart of FIG . 1 according to one implementation of with trench metal liner extension 246x , dielectric liner 
the present application . As shown in FIG . 8 , dielectric liner 60 extension 248x , and trench metal plug extension 254x 
248 is removed from trench metal liner 246b . In one respectively , in one implementation they may be different 
implementation , a fluorine based RIE is used to remove formations . For example , trench metal plug 254a may be 
dielectric liner 248 from trench metal liner 246b . Dielectric situated in trench 242a and a metal may be subsequently 
liner 248 remains on trench metal liner 246a . Notably , formed over trench metal plug 254a to form trench metal 
dielectric liner 248 remains with overplot 250 relative to 65 plug extension 254x . In this example , trench metal plug 
trench metal liner 246a . Overplot 250 protects against 254a can comprise W , and trench metal plug extension 254x 
shorting , as described below . Outside trench 242a , dielectric can comprise Al or Cu . 
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In the present implementation , trench metal plugs 254a tations , PCM RF switch structure 222 can include more 
and 254b are formed by removing a middle segment of metal interconnect metals and / or more interlayer dielectrics than 
252 ( shown in FIG.9 ) between trenches 242a and 242b , for those shown in FIG . 13 . 
example , using a metal etch . Notably , dielectric liner 248 PCM RF switch structure 222 in FIG . 13 including one 
remains with underplot 258 relative to trench metal liner 5 capacitive RF terminal 256a and one ohmic RF terminal 
246a . Underplot 258 protects against breakdown , as 256b , and manufactured according to the flowchart in FIG . 
described below . Outside trench 242a , trench metal plug 1 , provides several advantages . First , the trench capacitor of 
extension 254x is situated over dielectric liner extension capacitive RF terminal 256a capacitively couples trench 
248x and integrally connected to trench metal plug 254a . metal liner 246a to trench metal plug 254a , creating part of 

Referring to FIG . 11 , PCM RF switch structure 218 10 an RF signal path of PCM RF switch structure 222 , despite 
illustrates a cross - sectional view of a portion of a PCM RF that patterned trench metal liner 246a and trench metal plug 
switch structure processed in accordance with action 118 in 254a are ohmically separated from each other . Second , 
the flowchart of FIG . 1 according to one implementation of because capacitive RF terminal 256a is directly connected to 
the present application . As shown in FIG . 11 , interlayer PCM 232 without any traces or interconnects , such as 
dielectric 260 is formed over trench metal plugs 254a and 15 interconnect metals 264a and 264b intervening therebe 
2546. In the present implementation , CMP is used to pla- tween , routing resistance is lowered and the quality factor of 
narize interlayer dielectric 260. Interlayer dielectric 260 the trench capacitor is high . Third , because PCM RF switch 
provides insulation between trench metal plugs 254a and structure 222 in FIG . 13 includes one capacitive RF terminal 
254b and subsequently formed vias or interconnect metal 256a and one ohmic RF terminal 256b , two capacitive 
( not shown in FIG . 11 ) . In various implementations , inter- 20 terminals are not placed in series in the RF signal path , and 
layer dielectric 260 is SiO2 , Si Ny , or another dielectric . thus , do not halve the total capacitance of the switch . Fourth , 
Interlayer dielectric 260 can be formed , for example , by compared to a manufacturing process that forms two capaci 
PECVD or HDP - CVD . In one implementation , the deposi- tive RF terminals , a manufacturing process of the present 
tion thickness of RF terminal dielectric 240 can be approxi- application needs only a few additional steps to form one 
mately one half a micron ( 0.5 um ) . 25 capacitive RF terminal 256a and one ohmic RF terminal 

Referring to FIG . 12 , PCM RF switch structure 220 256b . 
illustrates a cross - sectional view of a portion of a PCM RF Fifth , overplot 250 of dielectric liner 248 protects capaci 
switch structure processed in accordance with action 120 in tive RF terminal 256a against shorting . A natural result of 
the flowchart of FIG . 1 according to one implementation of etching metal 252 ( shown in FIG . 9 ) to form trench metal 
the present application . As shown in FIG . 12 , interconnect 30 plugs 254a and 254b ( shown in FIG . 10 ) is that stringers will 
holes 262a and 262b are etched in interlayer dielectric 260 . form at an edge of trench metal plug 254a and undesirably 
Interconnect holes 262a and 262b extend to trench metal short to trench metal liner 246a , which would result in 
plugs 254a and 254b respectively . In the present implemen- “ capacitive ” RF terminal 256? not forming a capacitor . 
tation , trench metal plug 254b of ohmic RF terminal 256b is Overplot 250 of dielectric liner 248 intervenes between the 
situated lower in PCM RF switch structure 220 relative to 35 edge of trench metal plug 254a and trench metal liner 246a . 
trench metal plug 254a of capacitive RF terminal 256a , and Because dielectric liner 248 provides electrical insulation , a 
interconnect hole 262b is deeper than interconnect hole 262a stringer would not couple to trench metal liner 246a and 
because capacitive RF terminal 256a includes dielectric would not cause a short . 
liner 248. Interconnect holes 262a and 262b in interlayer Sixth , underplot 258 of trench metal plug 254a protects 
dielectric 260 are selectively etched so that trench metal 40 capacitive RF terminal 256a against breakdown . Dielectric 
plug 254a of capacitive RF terminal 256a remains substan- liner 248 usually exhibits some defects or abnormalities near 
tially undamaged while deeper interconnect hole 262b is the sharp corner at the edge of trench metal liner 246a , 
etched . which would undesirably result in breakdown variations for 

Referring to FIG . 13 , PCM RF switch structure 222 the trench capacitor of capacitive RF terminal 256a . Under 
illustrates a cross - sectional view of a portion of a PCM RF 45 plot 258 of trench metal plug 254a ensures that trench metal 
switch structure processed in accordance with action 122 in plug 254a is not situated over a sharp corner of dielectric 
the flowchart of FIG . 1 according to one implementation of liner 248. As such , breakdown of capacitive RF terminal 
the present application . As shown in FIG . 13 , interconnect 256a is more precisely controlled , and PCM RF switch 
metals 264a and 264b are formed in interconnect holes 262a structure 222 is more reliable . 
and 262b ( labeled in FIG . 12 ) respectively and on trench 50 Seventh , because PCM RF switch structure 222 utilizes 
metal plugs 254a and 254b respectively . In one implemen- trench metal liners 246a and 246b and trench metal plugs 
tation , a metal layer is deposited over interlayer dielectric 254a and 254b in trenches 242a and 242b , more interface 
260 and in interconnect holes 262a and 262b ( labeled in area is available to capacitively couple , and capacitance 
FIG . 12 ) over trench metal plugs 254a and 254b , and then value of capacitive RF terminal 256a is increased . Eighth , 
a middle segment thereof between interconnect holes 262a 55 because PCM RF switch structure 222 utilizes a thin high - k 
and 262b ( labeled in FIG . 12 ) is etched , thereby forming dielectric liner 248 , the capacitive coupling between trench 
interconnect metals 264a and 264b . Interconnect metals metal liner 246a and trench metal plug 254a is significantly 
264a and 264b can be part of routing interconnects for increased . Ninth , because PCM RF switch structure 222 
routing electrical signals between capacitive RF terminal utilizes overhang regions , capacitive coupling between 
256a or ohmic RF terminal 256b and various devices ( not 60 trench metal liner 246a and trench metal plug 254a is further 
shown in FIG . 13 ) that may exist independent of PCM RF increased . 
switch structure 222. In various implementations , intercon- FIG . 14 illustrates a portion of a flowchart of an exem 
nect metals 264a and 264b can comprise Al and / or Cu . plary method for concurrently manufacturing both a capaci 
Interconnect metals 264a and 264b can be formed by PVD , tive RF terminal and an ohmic RF terminal in a PCM RF 
or any other suitable process . In one implementation , the 65 switch according to one implementation of the present 
thickness of interconnect metals 264a and 264b can be application . Certain details and features have been left out of 
approximately three microns ( 3 um ) . In various implemen- the flowchart that are apparent to a person of ordinary skill 
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in the art . For example , an action may consist of one or more PVD , or any other suitable process . In one implementation , 
sub - actions or may involve specialized equipment or mate- the thickness of metal layer 284 can be approximately one 
rials , as known in the art . Moreover , some actions , such as half a micron ( 0.5 um ) . 
masking and cleaning actions , are omitted so as not to Referring to FIG . 18. PCM RF switch structure 272 
distract from the illustrated actions . Actions 166 through 180 5 illustrates a cross - sectional view of a portion of a PCM RF 
shown in the flowchart of FIG . 14 are sufficient to describe switch structure processed in accordance with action 172 in 
one implementation of the present inventive concepts , other the flowchart of FIG . 14 according to one implementation of 
implementations of the present inventive concepts may the present application . As shown in FIG . 18 , insulator 286 
utilize actions different from those shown in the flowchart of is formed on metal layer 284. In one implementation , 
FIG . 14. Moreover , structures shown in FIGS . 15 through 22 10 insulator 286 is silicon nitride . In various implementations , insulator 286 is a high - k dielectric , such as tantalum pen illustrate the results of performing respective actions 166 toxide , aluminum oxide , hafnium oxide , zirconium oxide , through 180 in the flowchart of FIG . 14 , respectively . For zirconium aluminum silicate , hafnium silicate , hafnium alu example , structure 266 shows a PCM RF switch structure minum silicate or another dielectric with a relatively high after performing action 166 , structure 280 shows a PCM RF 15 dielectric constant . In the present implementation , insulator switch structure after performing action 180 , and so forth . 286 is substantially planar . Insulator 286 can be formed , for Referring to FIG . 15 , PCM RF switch structure 266 example , by PECVD or HDP - CVD . In one implementation , 
illustrates a cross - sectional view of a portion of a PCM RF the thickness of insulator 286 can range from approximately 
switch structure processed in accordance with action 166 in two hundred angstroms to approximately six hundred ang 
the flowchart of FIG . 14 according to one implementation of 20 stroms ( 200 Å - 600 Å ) . 
the present application . As shown in FIG . 15 , PCM RF Referring to FIG . 19 , PCM RF switch structure 274 
switch structure 266 includes substrate 224 , lower dielectric illustrates a cross - sectional view of a portion of a PCM RF 
226 , heating element 228 , thermally conductive and electri- switch structure processed in accordance with action 174 in 
cally insulating layer 230 , PCM 232 having active segment the flowchart of FIG . 14 according to one implementation of 
234 and passive segments 236a and 236b , optional contact 25 the present application . As shown in FIG . 19 , top metal 288 
uniformity support layer 238 , RF terminal dielectric 240 , is formed on insulator 286. In various implementations , top 
and trenches 242a and 242b . Action 166 in the flowchart of metal 288 can comprise can comprise titanium nitride ( Tin ) , 
FIG . 14 generally corresponds to actions 100 , 102 , and 104 tantalum nitride ( TaN ) , or stack comprising aluminum and 
in the flowchart of FIG . 1. Accordingly , PCM RF switch titanium nitride or tantalum nitride . In the present imple 
structure 266 in FIG . 15 generally corresponds to PCM RF 30 mentation , top metal 288 is substantially planar . Top metal 
switch structure 204 in FIG . 4 , and may have any imple- 288 can be formed by PVD , or any other suitable process . In 
mentations and advantages described above . one implementation , the thickness of top metal 288 can 

Referring to FIG . 16 , PCM RF switch structure 268 range from approximately five hundred angstroms to 
illustrates a cross - sectional view of a portion of a PCM RF approximately one thousand angstroms ( 500 Å - 1000 Å ) . 
switch structure processed in accordance with action 168 in 35 Referring to FIG . 20. PCM RF switch structure 276 
the flowchart of FIG . 14 according to one implementation of illustrates a cross - sectional view of a portion of a PCM RF 
the present application . As shown in FIG . 16 , lower metal switch structure processed in accordance with action 176 in 
portions 282a and 282b are formed in trenches 242a and the flowchart of FIG . 14 according to one implementation of 
242b ( shown in FIG . 15 ) , and on passive segments 236a and the present application . As shown in FIG . 20 , top metal 288 
236b of PCM 232. Thus , lower metal portions 282a and 40 ( labeled in FIG . 19 ) is etched to form patterned top plate 
282b are ohmically connected to passive segments 236a and 290. Top metal 288 ( labeled in FIG . 19 ) is etched overlying 
236b respectively of PCM 232. Notably , lower metal por- lower metal portion 282b , but remains overlying lower 
tions 282a and 282b fill trenches 242a and 242b . In one metal portion 282a , thereby forming patterned top plate 290 . 
implementation , lower metal portions 282a and 282b can be In the present implementation , insulator 286 is partially 
formed by depositing a metal , for example , using PVD , 45 etched . In another implementation insulator 286 may remain 
CVD , or any other suitable process , and then polishing the substantially unetched . 
metal , for example , using CMP . In another implementation , Referring to FIG . 21 , PCM RF switch structure 278 
lower metal portions 282a and 282b can be formed by a illustrates a cross - sectional view of a portion of a PCM RF 
damascene process . In various implementations , lower switch structure processed in accordance with action 178 in 
metal portions 282a and 282b can comprise tungsten ( W ) , 50 the flowchart of FIG . 14 according to one implementation of 
aluminum ( Al ) , copper ( cu ) , molybdenum ( Mo ) , titanium the present application . As shown in FIG . 21 , metal layer 
( Ti ) , titanium nitride ( TiN ) , titanium tungsten ( TiW ) , tanta- 284 ( labeled in FIG . 20 ) is etched to form upper metal 
lum ( Ta ) , cobalt ( Co ) , nickel ( Ni ) , nickel chromium ( NiCr ) , portions 292a and 292b , thereby forming metal - insulator 
or nickel chromium silicon ( NiCrSi ) . metal ( MIM ) capacitor 296 by upper metal portion 292a , 

Referring to FIG . 17 , PCM RF switch structure 270 55 insulator 286 , and patterned top plate 290. Etching metal 
illustrates a cross - sectional view of a portion of a PCM RF layer 284 to form upper metal portions 292a and 292b also 
switch structure processed in accordance with action 170 in thereby substantially completes capacitive RF terminal 294a 
the flowchart of FIG . 14 according to one implementation of and ohmic RF terminal 294b of PCM RF switch structure 
the present application . As shown in FIG . 17 , metal layer 278. Capacitive RF terminal 294a and ohmic RF terminal 
284 is formed on lower metal portions 282a and 282b , and 60 294b provide RF signals to / from passive segments 236a and 
on RF terminal dielectric 240. In various implementations , 236b respectively of PCM 232. Capacitive RF terminal 294a 
metal layer 284 can comprise aluminum ( Al ) , copper ( Cu ) , includes lower metal portion 282a , upper metal portion 
titanium ( Ti ) , or titanium nitride ( TIN ) . For example , in one 292a , insulator 286 , and patterned top plate 290. Ohmic RF 
implementation , metal layer 284 comprises a sequential terminal 294b includes lower metal portion 282b and upper 
stack of titanium , titanium nitride , aluminum , titanium , and 65 metal portion 292b . 
titanium nitride . In the present implementation , metal layer In the present implementation , upper metal portions 292a 
284 is substantially planar . Metal layer 284 can be formed by and 292b are formed by removing a middle segment of metal 
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layer 284 ( labeled in FIG . 20 ) between lower metal portions plate 290 of capacitive RF terminal 294a remains substan 
282a and 282b , for example , using a chlorine based RIE . In tially undamaged when deeper interconnect metal 264b is 
an alternative implementation , a single damascene process formed . 
can be used to form upper metal portions 292a and 292b PCM RF switch structure 280 in FIG . 22 provides advan 
prior to depositing insulator 286. Moreover , although lower 5 tages similar to PCM RF switch structure 222 in FIG . 13 in 
metal portions 282a and 282b and upper metal portions 292a that PCM RF switch structure 280 in FIG . 22 includes one 
and 292b are separate formations in FIG . 21 , in other capacitive RF terminal 294a and one ohmic RF terminal 
implementations they may be parts of the same formation . 294b for providing RF signals to / from passive segments 
For example , lower metal portions 282a and 282b and upper 236a and 236b respectively of PCM 232. As described 
metal portions 292a and 292b can be formed as a single 10 above , first , MIM capacitor 296 of capacitive RF terminal 
metal using a dual damascene process . As another example , 294a capacitively couples patterned top plate 290 to upper 
lower metal portions 282a and 282b and upper metal por- metal portion 292a , creating part of an RF signal path of 
tions 292a and 292b can be formed as a single metal by PCM RF switch structure 280 , despite the fact that patterned 
depositing a metal layer in trenches 242a and 242b ( labeled top plate 290 and upper metal portion 292a are ohmically 
in FIG . 15 ) and over RF terminal dielectric 240 , and then 15 separated from each other . Second , because capacitive RF 
etching a middle segment thereof between trenches 242a terminal 294a is directly connected to PCM 232 without any 
and 242b . In these examples , lower metal portions 282a and traces or interconnects intervening therebetween , routing 
282b and upper metal portions 292a and 292b would not resistance is lowered and the quality factor of MIM capaci 
have a boundary interface . Although upper metal portions tor 296 is high . Third , because PCM RF switch structure 280 
292a and 292b have overplots relative to lower metal 20 in FIG . 22 includes one capacitive RF terminal 294a and one 
portions 282a and 282b in FIG . 21 , in various implemen- ohmic RF terminal 294b , two capacitive terminals are not 
tations , upper metal portions 292a and 292b can be aligned placed in series in the RF signal path , and thus , do not halve 
with lower metal portions 282a and 282b , or can have the total capacitance of the switch . Fourth , compared to a 
underplots relative to lower metal portions 282a and 282b . manufacturing process that forms two capacitive RF termi 

Referring to FIG . 22 , PCM RF switch structure 280 25 nals , a manufacturing process of the present application 
illustrates a cross - sectional view of a portion of a PCM RF needs only a few additional steps to form one capacitive RF 
switch structure processed in accordance with action 180 in terminal 294a and one ohmic RF terminal 294b . 
the flowchart of FIG . 14 according to one implementation of Additionally , PCM RF switch structure 280 in FIG . 22 
the present application . Action 180 in the flowchart of FIG . provides several advantages over PCM RF switch structure 
14 generally corresponds to actions 118 , 120 , and 122 in the 30 222 in FIG . 13. First , because insulator 286 is only partially 
flowchart of FIG . 1 , and interlayer dielectric 260 and inter- etched or substantially unetched after etching of patterned 
connect metals 264a and 264b in FIG . 22 generally corre- top plate 290 , there is little or no increase in leakage current 
spond to interlayer dielectric 260 and interconnect metals of MIM capacitor 296 and little or no decrease in the 
264a and 264b in FIG . 13 , except for differences described breakdown voltage of MIM capacitor 296 due to an increase 
below . 35 in defects or voids within insulator 286. As such , the 
As shown in FIG . 22 , interlayer dielectric 260 is formed capacitance value of MIM capacitor 296 is more precisely 

over patterned top plate 290 of capacitive RF terminal 294a controlled , and PCM RF switch structure 280 is more 
and over upper metal portion 292b of ohmic RF terminal reliable . 
2946. Thus , patterned top plate 290 of MIM capacitor 296 Second , in contrast to trench metal liners 246a and 246b 
is situated within interlayer dielectric 260. As used herein , 40 in PCM RF switch structure 220 in FIG . 12 , lower metal 
“ MIM capacitor ” refers to a capacitor having a top plate portions 282a and 282b of PCM RF switch structure 280 in 
formed within an interlayer dielectric where conventionally FIG . 22 completely fill trenches . Accordingly metal layer 
no metal ( other than via or interconnect metal ) exists , such 284 , insulator 286 , and top metal 288 ( labeled in FIG . 19 ) 
as within interlayer dielectric 260 . can be formed substantially planar . Manufacturing is sim 

Interconnect metal 264a is formed in an interconnect hole 45 plified . And compared to dielectric liner 248 in FIG . 13 that 
etched in interlayer dielectric 260 , and on patterned top plate has varying thickness in trenches 242a , insulator 286 has 
290 of capacitive RF terminal 294a . Interconnect metal more uniform thickness , resulting in less breakdown varia 
264b is formed in an interconnect hole etched in both tions for the MIM capacitor 296 of capacitive RF terminal 
interlayer dielectric 260 and insulator 286 , and on upper 294a . 
metal portion 292b of ohmic RF terminal 294b . In contrast 50 Third , MIM capacitor 296 formed by upper metal portion 
to PCM RF switch structure 222 in FIG . 13 where inter- 292a , insulator 286 , and patterned top plate 290 has a 
connect metals 264a and 264b is connected to trench metal capacitance with significantly improved density . MIM 
plugs 254a and 254b for capacitive RF terminal 256a and capacitor 296 does not require addition of interlayer metal 
ohmic RF terminal 256b , in PCM RF switch structure 280 levels , and also does not use up lateral die space . MIM 
in FIG . 22 , interconnect metal 264b is connected to upper 55 capacitor 296 advantageously increases routing capability 
metal portion 292b of ohmic RF terminal 2946 , while because MIM capacitor 296 utilizes the space amply avail 
interconnect metal 264a is connected to patterned top plate able between interlayer dielectrics , such as interlayer dielec 
290 of capacitive RF terminal 294a . tric 260 . 

In the present implementation , upper metal portion 2925 Thus , various implementations of the present application 
of ohmic RF terminal 294b is situated lower in PCM RF 60 achieve a method of concurrently manufacturing and a 
switch structure 280 relative to patterned top plate 290 of structure of a PCM RF switch having both capacitive and 
capacitive RF terminal 294a , and interconnect metal 264b ohmic RF terminals that overcome the deficiencies in the art 
extends deeper than interconnect metal 264a , because while preserving or improving RF performance . 
capacitive RF terminal 294a includes patterned top plate From the above description it is manifest that various 
290. Patterned top plate 290 of capacitive RF terminal 294a 65 techniques can be used for implementing the concepts 
can perform as an etch stop while interlayer dielectric 260 described in the present application without departing from 
and insulator 286 are selectively etched , so that patterned top the scope of those concepts . For example , a single capacitor 
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can be formed in the RF path near one RF terminal , while germanium antimony telluride ( GezSbyTez ) , germanium 
the other RF terminal only employs ohmic connections . selenide ( Ge , Sey ) , and any other chalcogenide . 
Moreover , while the concepts have been described with 9. The RF switch of claim 1 , wherein said heating element 
specific reference to certain implementations , a person of comprises material selected from the group consisting of 
ordinary skill in the art would recognize that changes can be 5 tungsten ( W ) , molybdenum ( Mo ) , titanium ( Ti ) , titanium 
made in form and detail without departing from the scope nitride ( TIN ) , titanium tungsten ( TiW ) , tantalum ( Ta ) , nickel 
those concepts . As such , the described implementations are chromium ( NiCr ) , and nickel chromium silicon ( NiCrSi ) . to be considered in all respects as illustrative and not 10. The RF switch of claim 1 , further comprising a restrictive . It should also be understood that the present 
application is not limited to the particular implementations 10 ated between said heating element and said PCM . thermally conductive and electrically insulating layer situ 
described above , but many rearrangements , modifications , 11. The RF switch of claim 10 , wherein said thermally and substitutions are possible without departing from the conductive and electrically insulating layer comprises mate scope of the present disclosure . 

The invention claimed is : rial selected from the group consisting of comprise alumi 
1. A radio frequency ( RF ) switch comprising : num nitride ( AIN ) , aluminum oxide ( Al2Oy ) , beryllium 
a phase - change material ( PCM ) and a heating element oxide ( Bejoy ) , silicon carbide ( SiC ) , diamond , and dia 

underlying an active segment of said PCM and extend mond - like carbon . 
ing outward and transverse to said PCM ; 12. The method of claim 7 , wherein said PCM is selected 

a first RF terminal comprising a first lower metal portion from the group consisting of germanium telluride ( GeyTey ) , 
connected to a first upper metal portion ; 20 germanium antimony telluride ( Ge Sb Tez ) , germanium 

a MIM capacitor formed by said first upper metal portion , selenide ( Ge Sey ) , and any other chalcogenide . 
an insulator , and a patterned top plate ; 13. The method of claim 7 , wherein said PCM RF switch 

said first lower metal portion being ohmically connected comprises a heating element underlying an active segment 
to a first passive segment of said PCM ; of said PCM . 

a second RF terminal comprising a second lower metal 25 14. The method of claim 13 , wherein said heating element 
portion connected to a second upper metal portion ; comprises material selected from the group consisting of 

said second lower metal portion being ohmically con tungsten ( W ) , molybdenum ( Mo ) , titanium ( Ti ) , titanium nected to a second passive segment of said PCM . nitride ( TiN ) , titanium tungsten ( TiW ) , tantalum ( Ta ) , nickel 2. The RF switch of claim 1 , wherein said patterned top chromium ( NiCr ) , and nickel chromium silicon ( NiCrSi ) . plate is situated within an interlayer dielectric . 15. The method of claim 13 , further comprising a ther 3. The RF switch of claim 1 , further comprising a first mally conductive and electrically insulating layer situated interconnect metal ohmically connected to said patterned top between said heating element and said PCM . plate , and a second interconnect metal ohmically connected 
to said second upper metal portion . 16. A radio frequency ( RF ) switch comprising : 

4. A method for manufacturing a capacitive RF terminal 35 a phase - change material ( PCM ) and a heating element 
and an ohmic RF terminal in a PCM RF switch , said method underlying an active segment of said PCM ; 
comprising : a first RF terminal capacitively coupled to a first passive 

forming a first lower metal portion for said capacitive RF segment of said PCM , said first RF terminal comprising 
an MIM capacitor ; terminal and a second lower metal portion for said 

ohmic RF terminal ; a second RF terminal ohmically connected to a second 
forming a metal layer on said first and second lower metal passive segment of said PCM ; 

portions ; wherein said capacitively coupled first RF terminal and 
forming an insulator on said metal layer ; said ohmically connected second RF terminal are both 

situated on a same side of said PCM . forming a top metal on said insulator , 17. The RF switch of claim 16 , wherein said PCM is etching said top metal so as to form a patterned top plate 45 
for said capacitive RF terminal ; selected from the group consisting of germanium telluride 

etching said metal layer so as to form a first metal upper ( GeyTey ) , germanium antimony telluride ( Ge Sb Tez ) , ger 
portion for said capacitive RF terminal and a second manium selenide ( GezSey ) , and any other chalcogenide . 

18. The RF switch of claim 16 , wherein said heating upper metal portion for said ohmic RF terminal , element comprises material selected from the group con thereby forming a MIM capacitor by said first upper 50 
metal portion , said insulator , and said patterned top sisting of tungsten ( W ) , molybdenum ( Mo ) , titanium ( Ti ) , 

titanium nitride ( TiN ) , titanium tungsten ( TiW ) , tantalum plate . 
5. The method of claim 4 , wherein said patterned top plate ( Ta ) , nickel chromium ( NiCr ) , and nickel chromium silicon 

( NiCrSi ) . is situated within an interlayer dielectric . 19. The RF switch of claim 16 , further comprising a 6. The method of claim 4 , further comprising forming a 55 
first interconnect metal ohmically connected to said pat thermally conductive and electrically insulating layer situ 
terned top plate , and a second interconnect metal ohmically ated between said heating element and said PCM . 
connected to said second upper metal portion . 20. The RF switch of claim 19 , wherein said thermally 

conductive and electrically insulating layer comprises mate 7. The method of claim 4 , wherein said first lower metal 
portion is ohmically connected to a first passive segment of 60 rial selected from the group consisting of comprise alumi 
a PCM , and said second lower metal portion is ohmically num nitride ( AIN ) , aluminum oxide ( Al ; Oy ) , beryllium 
connected to a second passive segment of said PCM . oxide ( BegOy ) , silicon carbide ( SiC ) , diamond , and dia 

8. The RF switch of claim 1 , wherein said PCM is selected mond - like carbon . 
from the group consisting of germanium telluride ( Ge Tey ) , 
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